Introduction
Since the finding of electric and magnetic field variations due to the so-called seismic dynamo effect in the case of the 1999 Izmit earthquake in northwestern Turkey (Honkura et al., 2000 , we have tried to make magnetotelluric (MT) observations on various occasions Ujihara et al., 2004) . In some cases, seismic observations were also made simultaneously with MT observations. Although electric and magnetic variations could always be observed in association with seismic wave passage and hence the observational evidence showing the seismic dynamo effect has been accumulated, no clear signals precursory to the arrival of seismic wave have been obtained.
As was shown in Honkura et al. (2002) , precursory signals turned out to be small and hence they would be detected only for strong ground velocity and thus for a large earthquake occurring close to the MT observation site. In fact, for small earthquakes, electric and magnetic signals due to the seismic dynamo effect were small and possible precursory signals should be much smaller than the noise level Ujihara et al., 2004) .
In this respect, the earthquakes which occurred on May 26, 2003 and on July 26, 2003 are fairly large, JMA (Japan Meteorological Agency) magnitude 7.1 and 6.4, respectively. Also, electric and magnetic field variations associated with these earthquakes were successfully recorded as the contin- uous time-series data of electric and magnetic field variations at two MT stations of the Geographical Survey Institute. Therefore, we tried to examine whether precursory signals can be seen in the MT records, although the hypocentral distance to the MT stations turned out to be fairly long, about 100 km for both the earthquakes, as shown in Fig. 1. Figure 1 shows the locations of two MT observation sites where two components of the electric field and three components of the magnetic field have been continuously recorded by the Geographical Survey Institute. Although no seismic records are available at the MT sites, there are some seismic stations belonging to the nation-wide network called the 'Hi-net', and seismographs could be used for this study. In particular, the station denoted by SMT in Fig. 1 is very close to the site, Esashi, and hence we can compare the MT records with the seismographs.
MT Observation Sites
The sampling rate for continuous MT observations is 24 Hz which is fairly slower than that for seismic records, 100 Hz, but this is not very crucial in view of errors in the arrival time estimation for the area including three Hi-net stations shown in Fig. 1 ; the estimated errors are −0.1-+0.1 sec for the M7.1 earthquake and −0.3-−0.1 for the M6.4 earthquake. Figure 2 shows the electric and the magnetic field variations at Mizusawa and Esashi, respectively. One notable fact is that the electric field is one order of magnitude smaller at Mizusawa than at Esashi, whereas the magnetic field is larger at Mizusawa. It is unlikely that the ground velocity is one order of magnitude different between the two stations, as can be inferred from the epicentral distances and also from the comparison between seismograms at three nearby stations (Fig. 1) . In MT, it is well known that the electric field is sensitive to the local resistivity structure and the amplitude tends to be smaller for low resistivity structure. In fact, the apparent resistivity for the frequency range between 1 and 10 Hz is about 100 ohm·m at Mizusawa and about 1,000 ohm·m at Esashi (Satoh et al., 2003) . This is quite consistent with the amplitudes of electric field signals due to the seismic dynamo effect, confirming that the effect is in fact an electromagnetic induction phenomenon. It should be noted that the magnetic field is clipped during S waves at both the stations. Some strange variations seen in the magnetic filed at Esashi after the P-wave arrival would be instrumental effects. Figure 3 shows three components of the velocity field at SMT, which are very similar in overall shape to the electric and magnetic fields at the MT stations, also confirming the seismic dynamo effect associated with the M7.1 earthquake. Figure 4 shows the close-up views of Fig. 2 . The arrow indicates the estimated P-wave arrival time at the MT sites. In each figure, signals appear only after the arrival of P-wave, contrary to the case of the 1999 Izmit earthquake. The H x (35 degrees west from the magnetic north) component of the magnetic field at Mizusawa may have started to change slightly earlier than the P-wave, but the possible precursory time is too short to be significant, if we take into account possible errors of P-wave arrival time.
Results

The M7.1 earthquake of May 26
The M6.4 earthquake of July 26
In this case, the hypocentral distance is nearly the same as the case for the M7.1 earthquake, but the magnitude is smaller, suggesting smaller electric and magnetic signals. Nonetheless we attempted to examine the signals due to the seismic dynamo effect in order to show more examples of the effect. Figure 5 shows the electric and the magnetic field variations at the MT stations. We can clearly see the same characteristics in the amplitudes of the electric and the magnetic fields. The magnetic field is also clipped at Mizusawa, but we can see clear magnetic signals at Esashi. These variations are again very similar to the seismic records at SMT as shown in Fig. 6 . The ground velocity is one order of magnitude smaller than the case of the M7.1 earthquake (see Fig. 3 ). Accordingly, the amplitudes of electric and magnetic field variations are smaller, implying that signals precursory to the P-wave are unlikely to be observed. In fact, the signals are also smaller after the P-wave arrival, as seen in Fig. 7. (1) The amplitudes of electric and magnetic field variations due to the seismic dynamo effect are controlled by the local resistivity structure, indicating that the effect is an electromagnetic induction phenomenon.
Conclusions
(2) No clear electric and magnetic signals precursory to the P-wave arrival could be detected even for the M7.1 earthquake. However, in view of the possibility of a slight signal in one component of the magnetic field, we may infer the lower bound for precursory signals; for an M7.1 earthquake with the hypocentral distance of 100 km, precursory signals are unlikely to be detected at the present MT sites, although more quantitative argument should be made in terms of the ground velocity.
As a final remark, we raise one comment: whether signals precursory to the P-wave arrival can be observed depend on the level of background electric and magnetic noises. If carefully designed experiments are made, such as measurements in the deep bore-hole, the above bound may be lowered considerably.
